Abstract. The aberrant expression of microRNAs (miRs) has been identified to serve a crucial role in tumor progression. The present study aimed to evaluate the role of miR-126 in human prostate cancer (PCa). Firstly, miR-126 expression in prostate cancer tissues and cell lines was analyzed. A luciferase reporter assay and a rescue assay were performed, which identified ADAM metalloproteinase domain 9 (ADAM9) as the target gene of miR-126. Subsequently, Kaplan-Meier and log-rank analyses were used to investigate the association between ADAM9 expression and PCa prognosis. The results revealed that miR-126 expression was significantly downregulated in PCa tissues and cell lines. miR-126 overexpression was demonstrated to reduce PCa cell proliferation and metastasis, and to reverse the epithelial-mesenchymal transition process in vitro. In addition, as the target gene of miR-126, the upregulation of ADAM9 reestablished cell functions, including cell proliferation, migration and invasion. Patients with high ADAM9 expression levels exhibited a shorter biochemical recurrence-free survival time. In summary, miR-126 serves a role in the proliferation and metastasis of PCa cells, indicating that miR-126 and ADAM9 may represent potential biomarkers in the progression of advanced PCa, in addition to therapeutic targets.
Introduction
Prostate cancer (PCa) is the second highest cause of cancer-associated mortality in males, particularly in Western countries (1) . In recent years, the morbidity and mortality of PCa have been increasing in Chinese males (2) . The 5-year survival rate of patients with localized PCa is ~100%, due to the availability of effective treatments (3) . However, certain patients experience progression to metastatic castrate-resistant prostate cancer, which is the final stage and has a poor prognosis, eventually resulting in mortality (4) . Therefore, identifying accurate biomarkers for the early diagnosis of PCa, as well as efficient targets for the therapy of advanced PCa, is urgently required.
MicroRNAs (miRNAs/miRs) are a group of short and non-coding RNA sequences that serve an important role in the post-transcriptional regulation of gene expression (5) . Previous studies have demonstrated that miRNAs may act as tumor suppressors or oncogenes during tumor development, and that the aberrant expression of certain miRNAs is closely associated with the progression of various types of cancer (6, 7) . Several studies have reported that the expression of miR-126 is suppressed in multiple cancer types, and that it may act as a tumor suppressor gene by inhibiting a number of potential oncogenes and signaling pathways (8) . In 2013, Feng et al (9) reported that miR-126 suppresses colon cancer progression via negatively regulating the expression of C-X-C chemokine receptor type 4. CRK was also confirmed as a direct target of miR-126 in gastric carcinoma (9) and lung cancer (10) ; this gene has a key role in various signaling pathways regulating cell adhesion, proliferation and migration (11, 12) . In non-small cell lung cancer, activity of the phosphoinositide 3-kinase-AKT pathway was suppressed by miR-126 (13) . According to a previous study, miR-126 expression may serve as an independent prognostic predictor in patients with PCa subsequent to radical prostatectomy (14) . Another study revealed that miR-126 could inhibit invasion and proliferation by targeting phosphoinositide-3-kinase regulatory subunit 2 in PCa cells (15) . In the current study, it was identified that miR-126 can reduce the expression of the ADAM metalloproteinase domain 9 (ADAM9) protein, a member of the zinc metalloprotease class, which is involved in the development of various types 
Materials and methods

Patients and tissue microarrays (TMAs).
A total of 93 PCa tissues were collected from patients with a mean age of 69.9, ranging from 56 to 81 years old who underwent radical prostatectomy between May 2008 and December 2011 at The First Affiliated Hospital of Nanjing Medical University (Nanjing, China). All recruited patients provided informed consent prior to recruitment. The Ethics Committee of The First Affiliated Hospital of Nanjing Medical University approved the current study, including the protocols. The clinical information of the 93 patients was summarized in Table I , and the deadline for follow-up was April 2016. Triplicate tissue cores with diameters of 0.6 mm were extracted from each PCa tissue.
Immunohistochemistry. Xylene was used to deparaffinize serial sections from TMA blocks, which were then rehydrated through an ethanol gradient; the serial sections were then blocked for 10 min in hydrogen peroxide diluted (3%) in methanol. For antigen retrieval, sections were incubated in a steam pressure cooker (210˚C), for 2 min in citrate buffer (10 ml, pH 6.0). Subsequently, the samples were blocked for 5 min, then incubated overnight at 4˚C with primary antibodies against ADAM9 (cat. no. ab186833; 1:100; Abcam, Cambridge, UK). The samples were washed for 10 min in PBS and incubated with the peroxidase-conjugated goat anti-rabbit IgG (H+L) secondary antibody (dilution, 1:1,000; cat. no. ZB-2301; ZSGB-BIO, Inc., Beijing, China) at 37˚C for 30 min. Following another wash with PBS for 10 min visualization (fluorescence microscope; x100 and x400 magnification) of the antibody reaction was conducted with a fresh substrate solution containing 3,3'diaminobenzidine. The sections were counterstained with hematoxylin at room temperature for 2 min, dehydrated and coverslipped. Table II .
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The RNA was extracted from cell lines and tumor samples using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). miRNA was reversed transcribed into cDNA using MiR-X™ miRNA First-Strand Synthesis (Takara Biotechnology Co., Ltd., Kusatsu, Japan). Total RNA was reversed transcribed into cDNA using PrimeScript RT Master Mix (Takara Biotechnology Co., Ltd.). RT-qPCR was performed using FastStart Universal SYBR Green Master (Roche Diagnostics, Indianapolis, IN, USA) with the following thermal cycling protocol: 95˚C for 5 min, 95˚C for 10 sec and 60˚C for 20 sec, for 40 cycles. U6 was used as the internal control for miR-126, and β-actin was used as the internal control for ADAM9. The primers for miR-126 were designed by and purchased from Tiangen Biotech Co., Ltd. (Beijing, China). The following primer sequences for miR-126 were used: Forward, 5'-CAG TGC GTG TCG TGG AGT-3' and reverse, 5'-GGG GCG TAC CGT GAG TAA T-3' (Realgene Biotech, Inc., Nanjing, China). The following primer sequences for U6 were used: Forward, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3' and reverse, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' (Realgene Biotech, Inc.). The following primer sequences for ADAM9 were used: For wa rd 5'-CCC CCA A AT TGT GAG ACT AAA G-3' and reverse, 5'-TCC CGT CCC TCA ATG CAG TAT-3' (Realgene Biotech, Inc.). The following primer sequences for β-actin were used: Forward 5'-TGA CGG GGT CAC CCA CAC TGT GCC CAT CTA-3' and reverse, 5'-CTA GAA GCA TTT GCG GTG GAC GAT GGA GGG-3' (Realgene Biotech, Inc.). The 2 -ΔΔCq method was used to analyze the relative gene expression (18) .
Transient transfection. The hsa-miR-126-3p mimics, non-specific miRNA control (negative control), ADAM9 siRNA and scrambled siRNA (negative control) were designed and chemically synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China). The following sequences of siRNA for ADAM9 were used: Forward, 5'-CCA GAG AAG UUC CUA UAU A-3', and reverse, 5'-UAU AUA GGA ACU UCU CUG G-3'. The following sequences of scrambled siRNA were used: Forward, 5'-UUC UCC GAA CGU GUC ACG UTT-3' , and reverse, 5'-ACG UGA CAC GUU CGG AGA ATT-3'. PCa cells were maintained until mid-log phase, then digested with trypsin and seeded into 6-well plates at a density of 1x10 5 cells/well. Following culture for 48 h, when cells reached 60% confluence, cells were processed for transfection. PCa cells were transfected with 2 µg miR-126 mimics or negative control using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) in Opti-MEM medium, according to the manufacturer's protocol. In the same way, 2.5 µg ADAM9 siRNA or scrambled siRNA were transfected into PCa cells with Lipofectamine ® 2000. Following transfection for 4-6 h, the medium surrounding the cells was replaced with F12-K.
ADAM9 overexpression plasmids were constructed by Obio Technology Co., Ltd. (Shanghai, China). For co-transfection, Lipofectamine ® 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used, and the PCa cells were divided into two groups: One group was co-transfected with 2 µg miR-126 mimics and 5 µg pLenti-ADAM9, while the other group was co-transfected with 2 µg non-specific miRNA control and 5 µg empty plasmids (Obio Technology Co., Ltd.).
Luciferase reporter assay. The binding site of miR-126 in ADAM9 was predicted by TargetScan (www.targetscan. org) and miRanda (www.microrna.org). To construct a luciferase reporter plasmid with wild type ADAM9, the 3' untranslated region (UTR) of ADAM9, predicted to bind with miR-126, was chemosynthesized, amplified and cloned into a pMIR-REPORT luciferase vector (Obio Technology Co., Ltd.). The binding sequence was point-mutated to form a control luciferase reporter plasmid by Obio Technology Co., Ltd.. For the luciferase reporter assay, the 293T cells were co-transfected with miR-126 mimics or the miRNA control, and the wild type or mutant-type ADAM9 plasmid. After incubation for 48 h, a Dual-Luciferase ® Reporter Table I . Association of ADAM9 expression and clinicopathological characteristics of the patients. assay system (Promega Corporation, Madison, WI, USA) was used to determine luciferase activity on the LD400 Luminometer (Beckman Coulter, Inc., Brea, CA, USA). Renilla luciferase activity was normalized to firefly luciferase activity.
Cell proliferation assays. Cell proliferation was assessed using a Cell Counting Kit-8 (CCK-8) and colony formation assays.
For the CCK-8 assay, 48 h subsequent to transfection, PC3 and DU145 cells were seeded in 96-well plates at a density of 2,000 cells/well. CCK-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was used to determine cell proliferation at 24, 48, 72 and 96 h after seeding. Absorbance was determined at 450 nm by an Infinite M200 Pro absorbance reader (Thermo Fisher Scientific, Inc.). For the colony formation assay, at 48 h after transfection, PC3 and DU145 cells were harvested and plated in cell culture dishes at a density of 1,000 cells/dish. Following incubation at 37˚C for 14 days, the cells were stained with 0.005% crystal violet for 2 h; the colonies were then counted under a fluorescence-inverted microscope (x100 magnification).
Transwell migration and invasion assays. The in vitro migration and invasion assays were performed using 24-well chambers with 8-µm pore size PET track-etched membranes (Corning, Inc., Corning, NY, USA). After transfection for 48 h, a total of 5x10 4 transfected cells were suspended in the upper chamber with serum-free medium, while the lower chamber was filled with 20% FBS-containing medium. The membranes were covered with Matrigel ® (BD Biosciences, San Jose, CA, USA) to form matrix barriers in the invasion assays. After incubation at 37˚C for 24 (migration assay) or 48 h (invasion assay), a cotton swab was used to remove the cells on the upper surface, while the cells on the bottom of the membranes were fixed in 4% methanol solution for 1 h and stained with 0.005% crystal violet for 2 h. These were then counted in three random fields under a fluorescence-inverted microscope (x200 magnification).
Western blot assay. Total proteins were extracted from tumor cells using protein lysis buffer (Beyotime Institute of Biotechnology, Nantong, Jiangsu, China). The protein concentration was measured using a BCA kit (Beyotime Institute of Biotechnology), according to the manufacturer's protocols. For western blot analysis, 25 µg of each protein were separated via 10% SDS-PAGE. Subsequently, the proteins were transferred to PVDF membranes in transfer buffer, which contains Tris-HCL SDS, Glycine and methanol. The membranes were then incubated with monoclonal rabbit anti-ADAM9 (dilution, 1:1,000; cat. no. ab186833; Abcam), monoclonal rabbit anti-E-cadherin (dilution, 1:1,000; cat. no. 3195), monoclonal rabbit anti-N-cadherin (dilution, 1:1,000; cat. no. 13116) or monoclonal rabbit anti-Vimentin (dilution, 1:1,000; cat. no. 5741) (Cell Signaling Technology, Inc., Danvers, MA, USA), all at 4˚C overnight; rabbit monoclonal β-actin (Abcam) served as the internal control. Following this, the membranes were washed three times in TBST and incubated with an anti-rabbit secondary antibody solution (dilution, 1:4,000) at room temperature for 2 h. The indicated proteins were detected using an enhanced chemiluminescence western blotting detection system (Bio-Rad ChemiDoc XRS+). The relative protein expression was analyzed by Image-Lab software (version 6.0; Bio-Rad Laboratories, Inc., Hercules, CA, USA), represented as the density ratio vs. actin.
Statistical analyses.
The associations between protein expression values and clinicopathological factors were assessed using the χ 2 -test. Kaplan-Meier curves and log-rank tests were used to assess the association of ADAM9 expression with recurrence-free survival. Results are expressed as the mean ± standard deviation. Differences between two or three groups were compared with the Student's t-test or one-way analysis of variance followed by Dunnett's t-test. A value of P≤0.05 was considered to indicate a statistically significant difference. All statistical calculations were performed using SPSS v.13.0 software (SPSS, Inc., Chicago, IL, USA).
Results
miR-126 expression is downregulated in PCa tissues and cell lines.
The expression levels of miR-126 in 36 frozen samples from patients with PCa (18 cancerous and 18 corresponding adjacent tissues) were examined by RT-qPCR. The results indicated that, compared with adjacent normal tissues, miR-126 expression is significantly reduced (P<0.01) in PCa tissues (Fig. 1A) . Similarly, RT-qPCR was performed to determine miR-126 expression levels in two PCa cell lines (PC3, DU145) and normal prostate epithelial cells (RWPE-1). As depicted in Fig. 1B , the expression level of miR-126 was significantly lower in PC3 and DU145, compared with in RWPE-1 cells (P<0.01). These results indicated that miR-126 may function as a suppressive gene in the progression of PCa.
miR-126 overexpression suppresses PCa cell proliferation, metastasis and the EMT process.
To investigate the effect of miR-126 in PCa cell function, miR-126 mimics were used to overexpress miR-126 in PC3 and DU145 cells (Fig. 1C) . Subsequently, a CCK-8 assay was performed to evaluate the cell proliferation. It was observed that miR-126 overexpression significantly suppressed the proliferation rate of PC3 and DU145 cells at 72 or 96 h (Fig. 1D) . Consistently, the same trend in colony formation assays (Fig. 1E) was also noticed. These results suggested that miR-126 overexpression decreased PCa cell growth.
Transwell assays were performed to assess the significance of miR-126 in PCa cell metastasis. As demonstrated in Fig. 1F and G, the migration and invasion rates were significantly inhibited after transfecting miR-126 mimics into PC3 and DU145 cells (P<0.01). This suggested that miR-126 may function as a suppressor in PCa metastasis.
EMT is a crucial process during tumor metastasis. Based on the association between miR-126 expression and the metastasis of PCa cells, a western blot assay was performed to assess EMT-associated protein expression. Following transfection with miR-126 mimics, increased expression of the epithelial marker E-cadherin, and decreased expression of the mesenchymal markers N-cadherin and Vimentin (Fig. 1H) were observed; however, N-cadherin was only expressed in PC3, and not in DU145 cells, which is consistent with the results previously reported by Nalla et al (19) . The results of western blot analysis for EMT indicated that miR-126 overexpression reversed the EMT process in PCa cells.
ADAM9 is a direct target gene of miR-126.
In previous literature, it was revealed that miRNA regulates gene expression by binding to the 3'UTR of target mRNAs (20) . The 3'UTR of ADAM9 was predicted to be a potential target of miR-126 via comprehensive analysis using TargetScan and miRanda ( Fig. 2A) . To identify the influence of miR-126 on ADAM9 expression, RT-qPCR and western blot analyses were performed on PC3 and DU145 cells transfected with miR-126. As depicted in Fig. 2B and C, the mRNA and protein expression levels of ADAM9 in PC3 and DU145 cells were significantly reduced following transfection with miR-126 mimics (P<0.01). To further verify the direct interaction of miR-126 and ADAM9, a luciferase reporter assay in 293T cells was conducted. As demonstrated in Fig. 2D , miR-126 overexpression decreased the luciferase activity of the wild-type ADAM9 plasmid, whereas no effects were observed with the ADAM9 mutant plasmid.
miR-126 functions as a tumor-suppressor gene by reducing ADAM9 expression.
To determine whether miR-126 suppresses PCa progression through the downregulation of ADAM9 expression, the role of ADAM9 in PCa cell function was investigated. ADAM9 siRNA was transfected into DU145 and PC3 cells to decrease endogenous ADAM9 expression (Fig. 3A and B) . Observations of cell proliferation (Fig. 3C), colony formation (Fig. 3D), migration (Fig. 3E) and invasion (Fig. 3F) capabilities revealed that each function was suppressed, and that the process of EMT was reversed (Fig. 3G) following the transient knockdown of ADAM9 in PCa cells. These results are consistent with those of previous experiments, which indicated the overexpression of miR-126. To further identify whether miR-126 suppresses PCa cell functions by reducing ADAM9 expression, co-transfection of ADAM9 overexpression plasmids and miR-126 mimics into PCa cells was conducted, and whether cell functions could be reversed by overexpression of ADAM9 was assessed. As depicted in Fig. 4A , ADAM9 protein was markedly increased following transfection with ADAM9 overexpression plasmids. Furthermore, restoration of ADAM9 in miR-126-overexpressing PCa cells showed no significant differences in proliferation (Fig. 4B ), colony formation (Fig. 4C) , migration (Fig. 4D), invasion (Fig. 4E) , and the EMT process (Fig. 4F) , compared with the control group. (Fig. 4G) . As demonstrated by the χ 2 test results (Table I) , higher ADAM9 protein expression was significantly associated with biochemical recurrence (P= 0.030). In addition, the Kaplan-Meier curves indicated a significantly shorter biochemical recurrence-free survival time for those patients with high ADAM9 expression (P= 0.0116; Fig. 4H ). These results indicated that high expression of ADAM9 was associated with poor prognosis in patients with PCa.
Discussion
PCa has increasing morbidity and mortality rates, and the prognosis becomes worse as the disease develops to an advanced stage or metastasizes. Various studies have demonstrated that miRNAs may function as tumor suppressors or oncogenes during tumor development, according to the roles of their target genes (6, 21) . In PCa, several miRNAs have been reported to serve critical roles in the regulation of basic biological processes, including cell growth, apoptosis, metastasis and drug resistance (21, 22) . These findings suggest that miRNAs have promising diagnostic and therapeutic values for patients with PCa.
miR-126 expression is suppressed in the majority of human cancer types, and always functions as a tumor suppressor gene, to the best of our knowledge (8) ; however, in PCa, the functional role and the potential prognostic value of miR-126 remain to be elucidated. In the present study, RT-qPCR was used to identify that the expression of miR-126 was significantly suppressed in PCa tissues. Studying the androgen-independent PCa cell lines PC3 and DU145 revealed that miR-126 overexpression could inhibit their proliferative and metastatic capabilities. In addition, it was verified that miR-126 functioned as the tumor suppressor by downregulating the expression of ADAM9, a member of the ADAM family. ADAMs are involved in cell adhesion, cell migration and tissue remodeling (23); these processes are important for tumor progression. Previous studies have demonstrated that various ADAMs represent promising diagnostic and prognostic markers in tumors (24) . ADAM9 has been reported to be associated with cancer metastasis (25, 26) ; in addition, evidence indicates that ADAM9 serves a role in cancer proliferation by activating the epidermal growth factor receptor signaling pathway (27) (28) (29) . The data from the present study indicate that miR-126 acts as a tumor suppressor by targeting ADAM9 in PCa. Previous studies have revealed that ADAM9 promotes the metastasis of cancer by regulating E-cadherin and integrins (30, 31) . In the current study, it was revealed that miR-126 reversed the epithelial phenotype and repressed the mesenchymal phenotype via decreasing the expression of ADAM9 in PCa. EMT is a complex multistep process and serves a critical role in cancer metastasis and tumor invasion (32) . Recent studies have identified that EMT serves a vital role in chemoresistance, tumor metastasis, disease aggressiveness and poor prognosis of prostate cancer (33, 34) . Therefore, the present study suggested that miR-126 may be a novel therapeutic target to combat aggressive PCa.
To the best of our knowledge, the present study is the first to identify ADAM9 as a potential target of miR-126 in PCa cells. Furthermore, it was speculated that the reduced level of miR-126 could lead to the accumulation of ADAM9 in PCa tissues, which may result in a poor prognosis for patients with PCa. To test this hypothesis, the expression levels of ADAM9 were evaluated in TMAs constructed from 93 PCa samples. The present data suggest that ADAM9 may be a prognostic marker for the biochemical recurrence of PCa.
In summary, the results of the current study provided evidence that miR-126 may function as a tumor-suppressive gene by targeting ADAM9 to inhibit PCa cell proliferation, migration, invasion and colony formation, as well as the EMT process. It was also identified that a high level of ADAM9 expression is an important marker for the poor prognosis of patients with PCa. These results suggested that miR-126 may be a potential therapeutic target for the treatment of advanced PCa.
